Background: Clinical research into the effects of hormonal supplementation has tended to focus on beneficial changes in anthropometric measures. There are fewer data on long-term safety with extended hormonal supplementation.
Long-term Safety of Testosterone and Growth Hormone

Introduction
To date, most investigations of the use of testosterone and growth hormone (GH) supplementation have focused on anthropometric measures of body composition (lean mass, fat mass, bone mineral density [BMD] ) and sexual function in hypogonadal men with clinically significant testosterone deficiency. In these patients, supplementation has produced beneficial effects not only on libido and sexual function [1] but also on lean and fat mass [2] . Furthermore, in a small open trial in eugonadal men with idiopathic osteoporosis, testosterone supplementation was reported to produce notable increases in BMD [3] . A review of the literature on this topic confirms that normalization of testosterone can lead to a more favorable anthropometric profile [4] . Although favorable changes in anthropometric measures may be associated with decreases in the risk of osteoporotic fracture, coronary artery disease and type-2 diabetes mellitus, these clinical outcomes are more difficult to demonstrate, especially in the case of hormonal supplementation given to men whose testosterone levels are near normal rather than markedly deficient. In this setting, the clinical data are inconsistent. For example, in elderly men with lowto-normal testosterone, a non-controlled trial (N = 122) of testosterone with and without growth hormone (GH) supplementation reported increases in lean mass and decreases in fat mass accompanied by increases in muscle strength and aerobic endurance [5] whereas a placebo-controlled 6-month trial (N = 237) showed that supplementation produced the same pattern of favorable changes in lean and fat mass but no improvement in mobility or strength, or for that matter in BMD [6] . Testosterone supplementation in androgendeficient women (often associated with hypopituitarism) is unusual, but the scant available data suggest that it may be beneficial in terms of sexual function, BMD, and lean mass, although adverse effects limit its clinical usefulness [7] .
Similarly, while there is no major dispute with GH supplementation in individuals with documented GH deficiency, the benefit of supplementation in patients with near-normal GH levels remains controversial. In a small study of healthy elderly men participating in a program of resistance training, improvements in BMD were similar with and without adjunctive GH supplementation [8] . In contrast, adolescent males with idiopathic short stature and normal GH who received supplementation showed increased lean mass and decreased fat mass, along with favorable effects on lipids, but unfavorable increases in fasting insulin levels and hepatic gluconeogenesis [9] .
While the debate continues over the benefits of hormonal supplementation in patients with near-normal endogenous hormone levels, there has been even less certainty about the long-term safety of supplementation, especially in terms of metabolic, cardiovascular, and cancer risk. The present report is a follow-up to a previously published database study showing that supplementation with testosterone, GH, or both had generally favorable effects on anthropometric measures in an outpatient population with low hormonal levels at baseline [10] ; the focus here is on safety outcomes in that population.
Methods
This retrospective database study examined the records of patients treated at the Cenegenics Medical Institute (Las Vegas, NV) during the period 1999-2006. Table 1 summarizes the hormonal regimens used; in addition to the use of testosterone and GH, other hormonal treatments were provided as needed to achieve normalization of clinical and laboratory status, and all patients were advised to follow an exercise program and a low-glycemic diet.
Safety outcomes were assessed in 2 ways. Changes in metabolic markers were analyzed in patients who received hormonal treatment with testosterone (Tes), GH, or both (Tes+GH) for at least 2 years. These assessments included markers of glucose metabolism in patients who were and were not taking concomitant oral hypoglycemic agents for hyperglycemia or diabetes, and markers of lipid metabolism in patients who were and were not taking concomitant statins (HMG-CoA reductase inhibitors) for hyperlipidemia. In addition, treatment-emergent cases of cardiovascular disease, diabetes, cancer, and prostate disease were tabulated in the larger group of patients who had received hormonal treatment for at least 1 year.
Within-group mean changes from baseline to endpoint were assessed with a 2-sample t-test assuming equal variances. Between-group differences at a given time-point were assessed using the Mann-Whitney U test and the KruskalWallis test. For correlations, Pearson's test was used for normally distributed data; otherwise, the Spearman rank test was used. All hypothesis tests were two-tailed, with statistical significance assessed at P < 0.05 with 95% confidence intervals. The statistical software used was SPSS 11.5 for Windows (SPSS Inc, Chicago, IL, USA).
Results
Patient populations
In all, the records of 531 patients (89% males, mean age 54 years) who received hormonal therapy for at least 1 year were reviewed. Of these, 24 patients received hormonal regimens other than the 3 that were the focus of this study. Of the remaining 507 patients, 282 were in the Tes group (receiving testosterone, human chorionic gonadotropin [hCG] to stimulate endogenous testosterone production, or both), 22 were in the GH group (receiving GH alone), and 203 were in the Tes+GH group (receiving GH in combination with testosterone and/or hCG). The records of 263 patients (mean age 56 years) who were treated for at least 2 years were assessed for changes in metabolic markers; however, because of the retrospective nature of this study, the numbers of patients in whom initial and final data on metabolic markers were available varied with each outcome measure. The records of all 531 patients who received hormonal treatment for at least 1 year were assessed for new-onset cardiovascular disease, diabetes and prostate disease. The mean duration of hormonal supplementation was approximately 18 months. Table 2 summarizes changes in markers of glucose metabolism over the course of 2 years of treatment in patients who were not receiving concomitant treatment with oral hypoglycemic agents. The only statistically significant change was an increase from the initial assessment to the final assessment in glycated hemoglobin (HbA 1c ) in the GH and Tes+GH groups; however, the final values (5.4% in both groups) were still well within normal limits. Table 3 compares changes in insulin, as a representative marker of glucose metabolism during treatment with Tes+GH, in patients who did versus did not require concomitant treatment with oral hypoglycemics (note that the data shown for the patients not taking oral hypoglycemics match the corresponding data for insulin effects in the Tes+GH group as shown in Table 2 ). Although the change from initial to final insulin values appears substantial in the group receiving concomitant hypoglycemics, the number of patients involved was too small (n = 10) to establish statistical significance. However, the difference in insulin levels between groups was significant at the initial assessment and again at the final assessment, as would be expected between patients who do versus do not require therapy with oral hypoglycemic agents. Table 4 shows the changes in markers of lipid metabolism in patients who were not receiving concomitant treatment with statins. Levels of total cholesterol and low-density lipoprotein cholesterol (LDL) fell from the initial assessment to the final assessment in all treatment groups, but the changes on both measures were statistically significant only in the Tes+GH group. Triglyceride levels also fell in all treatment groups; none of the changes was statistically significant, but the decrease approached significance in the Tes+GH group (P = 0.058), which started at a substantially lower mean tween-group differences at the initial assessment or at the final assessment. In contrast, LDL showed highly significant decreases from initial to final assessment in both groups, but with no significant between-group differences at either assessment. Triglyceride levels decreased in both groups, and the change from initial to final assessment, which only approached statistical significance in the non-statin group, was significant (P < 0.05) in the statin group. The greater magnitude of change in the statin group would be expected in patients receiving treatment for hyperlipidemia, and triglyceride levels were in fact higher in the statin group than in the non-statin group at both the initial and the final assessments. The between-group difference was significant only at the initial assessment, and the smaller difference at the final assessment reflects the results of statin therapy in lowering triglyceride levels.
Metabolic outcomes
Clinical outcomes
Among 531 patients who received at least 1 year of hormonal treatment (including 24 who were on regimens other than Tes, GH, or Tes+GH), 7 (1.3%) experienced new disease events during the study period. These treatment-emergent outcomes comprise 1 cardiac event, 1 case of hypertension, 2 cases diabetes, and 3 cases of nonmalignant prostatic disease. There were no new cases of malignancy of any kind reported during the study period. A total of 110 patients (20.7%) had pre-existing disease (including, for example, diabetes, which would account for the use of oral hypoglycemic drugs during hormonal supplementation; or hyperlipidemia, which would account for the use of statins). Within this subgroup, 63 (57.3%) experienced no notable change in their pre-existing conditions, 39 (35.5%) reported improvement, and 8 (7.3%) reported worsening.
Discussion
This retrospective database study showed that hormonal supplementation with testosterone or GH or both, in conjunction with beneficial lifestyle changes in diet and exercise, was Our findings must be placed in perspective with the extant literature on safety concerns with hormonal supplementation. Looking first at testosterone, an obvious concern would be supplementation in men at increased risk for occurrence or recurrence of prostate cancer. The fact that castration has sometimes been employed to retard the advance of prostate cancer does not necessarily mean that testosterone supplementation in hypogonadal men increases their risk. Reviews on this subject dispute the assumption that risk is lower with depressed levels of testosterone [11, 12] , and a recent comprehensive review finds no evidence that supplementation to normalize testosterone levels increases the risk of prostate cancer [13] . On the other hand, a survey of urology patients found a number of cases of new-onset prostate cancer that appeared within a few months to a few years of initiation of testosterone supplementation and were considered treatment-related [14] . Clearly, testosterone supplementation would not be appropriate in a patient in whom prostatic cancer is suspected or documented [15, 16] .
With respect to cancer risk in women who receive testosterone supplementation (e.g., for low sexual desire), a review of the literature found inconsistent clinical data from flawed trials, and concluded that the available evidence does not clearly demonstrate any increased risk of breast cancer from adding testosterone to postmenopausal hormonal replacement therapy [17] .
Diabetes risk may actually be reduced through testosterone supplementation. In men with diabetes, who tend to show lower-than-normal levels of circulating androgen, supplementation improves glucose homeostasis, reduces visceral fat, and corrects insulin resistance [18] . Other comprehensive reviews conclude that testosterone supplementation can be beneficial in reducing the risks of diabetes and metabolic syndrome in hypogonadal men [19, 20] .
With respect to cardiovascular risk, a small study showed no adverse increases in atherogenic lipids in 7 hypogonadal men who completed 18 months of testosterone supplementation [21] . Similarly, no increased cardiovascular risk or harmful changes in atherogenic lipids were reported in the previously mentioned study of 23 eugonadal men who showed increased BMD after 6 months of testosterone treatment for idiopathic osteoporosis [3] . Far from increasing cardiovascular risk, testosterone supplementation may actually reduce risk in men (through beneficial effects on fibrinolysis, vascular endothelium, glucose metabolism, and coronary circulation), and potentially might also reduce the elevated cardiovascular risk seen in women following hysterectomy [22] .
Turning to the smaller body of literature on GH, there are few reports relating to cancer risk. In a case report, colon cancer developed in a patient at increased risk due to Crohn's colitis, following use of GH as anti-aging therapy [23] . In contrast, there was no evidence of tumorogenicity in a preclinical report of GH administration in a mouse model [24] . In addition, a study in healthy volunteers found that GH supplementation increased the antitumor activity of natural killer cells [25] .
In another preclinical model involving mice fed a highfat diet, low-dose GH supplementation seemed to inhibit the expression of cellular changes associated with insulin resistance [26] , suggesting a possible protective effect.
A small study in 7 fit men with normal hormone levels showed that GH supplementation led to dose-related decreases in total cholesterol [27] . A more definitive study in obese men and women found that GH produced a modest reduction in body fat had no significant effect on markers of adiposity (leptin, adiponectin, and C-reactive protein); nevertheless, no worsening in metabolic markers was reported [28] . In a preclinical model of congestive heart failure, shortterm use of GH improved left ventricular function through favorable effects on myocardial remodeling and contractility [29] .
Not surprisingly, the overall conclusion from the literature is that whereas the medical benefits of hormonal supplementation can be clearly documented in hypogonadal patients, the proper role of supplementation is, at this time, harder to define in patients who are not clearly hypogonadal [30] . Such discrepancies as may exist between our study and previously published reports do not seem to involve directly contradictory findings.
Next, it is necessary to place the current findings in perspective with risks in the general population. The annual incidence of coronary heart disease is estimated at 0.3% among males in the age range 35-44 years; the incidence among women is somewhat lower and the overall incidence of cardiovascular disease of any kind would be higher [31] . Our study population might be considered at greater risk than the reference population on the basis of older age, and at slightly lower risk because it included women (11% of the population). Among 531 patients who received hormonal supplementation for at least 1 year and for a mean period of approximately 18 months, only 1 treatment-emergent case of cardiac disease was reported (incidence 0.2%). Even if the single case of treatment-emergent hypertension is also included in this category, the incidence of new-onset cardiovascular disease in our population, 2 cases among 531 patients (0.4%), is no higher than the incidence in the general population.
Similarly, the incidence of treatment-emergent diabetes in our population may be compared with the annual incidence of diabetes in the general population, which is estimated at 0.7% in people over age 20 years [32] . The age range of our study population lies within that reference range, and the 2 cases of new-onset diabetes we report represent an incidence of 0.4%, which, again, is certainly no higher than the incidence in the general population.
Finally, with respect to cancer risk, there were no cases of new-onset malignancy in our study. By contrast, within the general population, the annual incidence is approximately 0.4% (higher in men, lower in women) for all forms of cancer combined, excluding common basal and squamous cell carcinomas of the skin [33] .
Although the incidence of these adverse outcomes might be expected to be higher in this more closely monitored population than in the general population, the reported incidence rates of cardiovascular disease, diabetes, and cancer over the course of at least 1 year of hormonal supplementation were, in fact, no higher and possibly lower than the 1-year incidence rates for these conditions in the general population. Indeed, the overall incidence of adverse clinical outcomes (7 among 531 patients, or 1.3%) is too small for any meaningful assessment of risk by treatment group.
However, comparisons of risk in our study population versus the general population must be interpreted with caution. For example, the fact that the incidence of cancer was zero in our population in no way supports a claim of decreased risk with hormonal supplementation. What these comparisons demonstrate is that long-term hormonal supplementation was not associated with any discernible increased risk.
The main limitations of this study are its design as a retrospective database survey and the lack of stratification of outcome data by clinical and demographic variables. The current findings do not distinguish between results in younger versus older patients, in male versus female patients, or in patients with different levels of endogenous hormones and different anthropometric measures of body composition at baseline. Similarly, among patients taking concomitant oral hypoglycemic or statin therapy, there is no comparison of changes in metabolic markers in those taking lower versus higher doses of concomitant medications for milder versus more severe pre-existing abnormalities in glucose or lipid metabolism. Furthermore, we cannot determine to what degree the healthful diet-and-exercise regimen may have modulated changes in metabolic markers and the risk of adverse clinical outcomes, or to what degree the reported treatmentemergent adverse clinical outcomes were treatment-related, that is, which events were possibly or probably attributable to hormonal supplementation. On the other hand, such analyses might not have yielded meaningful distinctions between subgroups given the low overall rate of adverse outcomes. Another limitation is that the number of patients treated with GH alone (n = 22) was much smaller than the numbers treated with testosterone (n = 282) or combined testosterone and GH (n = 203); therefore, the outcomes reported for GH cannot be considered as robust as the outcomes reported for the other regimens. Notwithstanding these limitations, our results, showing no evidence of increased clinical risk after 1 to 2 years of hormonal supplementation, may be relevant in light of the relative paucity of long-term data on safety outcomes after extended treatment with testosterone and GH.
Conclusions
In this retrospective database survey, long-term hormonal supplementation with testosterone and/or human growth hormone was not associated with adverse effects on markers of glucose or lipid metabolism, and did not incur increased risk of adverse clinical outcomes relating to new onset of diabetes, cardiovascular disease, or cancer.
